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[57] ABSTRACT 

An integrated circuit amplifier having a random input 
ofFset voltage is adaptable such that the input offset 
voltage may be cancelled out. An inverting input node 
ts a floating input node and is coupled to a source of 
input signal by a first capacitor. A second capacitor is 
connected between the output of the amplifier and the ■ 
floating node. An ultraviolet window above the second 
capacitor allows the floating node to be charged, by the 
application of ultraviolet light, to a voltage which effec- 
tively cancels the input offset voltage. The ultraviolet 
window and capacitor electrodes are arranged such that 
the ultraviolet light may strike only the desired areas of 
the structure. 

1 Claim, 11 Drawing Sheets 
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ADAPTABLE CMOS WINNER-TAKE ALL 
CIRCUIT 

This application is a division of application Ser. No. 5 
486,336, filed Feb. 28, 1990, which is a continuation-in- 
part of application Ser. No. 282,176, filed Dec. 9, 1988, 
now U.S. Pat. No. 4,935,702. 
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1 . Field Of The Invention 

The present invention relates to electronic circuits. 
More specifically, the present invention relates to 
adaptive circuits. 

2. The Prior Art 15 
It has recently become apparent that large-scale ana- 
log circuits can be achieved using conventional CMOS 
technology. The key to achieving very high levels of 
complexity in an analog system is to operate the individ- 
ual transistors in their subthreshold region, where the 20 
drain current is an exponential function of the gate- 
source voltage. In this regime of operation, amplifiers 
can be operated with current levels in the range from 
10- 12 A to 10 -7 A. At these low currents, the drain 
current of the individual transistors saturates at drain 
voltages above 100 to 200 Mv, allowing analog opera- 
tion with the same power-supply voltages commonly 
employed for digital circuits (0-5 V in 1988). Because of 
the low power-supply voltage and low current level the JQ 
total power dissipated by an individual amplifier is ex- 
tremely small, making possible large-scale systems em- 
ploying 10 4 or more amplifiers. 

Despite the numerous advantages of subthreshold 
operation, very few systems outside of the electronic 35 
watch industry have taken advantage of this mode of 
operation. The major problems that have prevented 
. application of subthreshold amplifiers have been their 
input offset voltage and the limited input voltage range. 

BRIEF DESCRIPTION OF THE INVENTION 40 

The present invention addresses both the input range 
and input offset problems, and makes possible the adap- 
tation of analog CMOS technology to a much wider 
range of applications. 45 

An analog MOS integrated circuit comprises an am- 
plifier circuit having a gain much larger than 1. The 
inverting input into one stage of this amplifier circuit is 
a floating node forming the gate of at least one MOS 
transistor. A first capacitor couples an input of the cir- 50 
cuit to this floating node and a second capacitor is con- 
nected from an output of the amplifier to this floating 
node. A window or opening in the metal layers above 
the second capacitor allows ultraviolet light to fall onto 
both electrodes of the capacitor, thus allowing the off- 55 
set voltage of the amplifier to be adapted while the 
source of ultraviolet light is present, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS, la-lo* are schematic diagrams and transfer 60 
curves of prior an CMOS transconductance amplifiers. 

FIG. 2a and 26 are schematic diagrams of one em- 
bodiment of an amplifier according to the present in- 
vention. 

FIG. 3a is a schematic diagram of a presently- 65 
preferred embodiment of a CMOS amplifier with auto- 
matic offset adaptation according to the present inven-. 
tion. 



FIG. 36 is a schematic diagram of an alternate em- 
bodiment of a CMOS amplifier with automatic offset 
adaptation according to the present invention. 

FIG. 4a is a cross-sectional view of a portion of the 
circuit of FIG. 3a. showing the location of the floating 
gate capacitors and the ultraviolet window. 

FIG. 46 is a top view of the circuit of FIG. 4a, show- 
ing the location of the floating gate capacitors and the 
ultraviolet window. 

FIG. 4c is a cross-sectional view of a variation of a 
portion of the circuit of FIG. 3a t showing the location 
of the floating gate capacitors and the ultraviolet win- 
dow. 

FIG. 4d is a top view of a portion of the circuit of 
FIG. 4c, showing the location of the floating gate ca- 
pacitors and the ultraviolet window. 

FIG. 4e is a cross-sectional view of a portion of an- 
other variation of the circuit of FIG. 3j, showing the 
location of the floating gate capacitors and the ultravio- 
let window. 

FIG. 4/ is a top view of a portion of the circuit of 
FIG. 4*, showing the location of the floating gate ca- 
pacitors and the ultraviolet window. 

FIG. 5a is a schematic diagram of an alternate em- 
bodiment of the present invention wherein the amplifier 
is a simple inverter. 

FIG. 56 is a top view of a typical layout for the cir- 
cuit depicted in FIG. 5a. 

FIGS. 6a and 66 are block diagrams of prior art cur- 
rent sense amplifiers. 

- FIGS. 6c and 6a* are block diagrams of current-sense 
amplifiers which are suitable for use in the present in- 
vention. 

FIG. 7 is a schematic diagram of a prior art * 'winner- . 
take-all*' circuit useful in the environment of the present 
invention. 

FIG. 8 is a schematic diagram of a presently pre- 
ferred embodiment of an adaptable "winner-take-aH" 
circuit according to the principles of the present inven- 
tion. 

FIG. 9 is a schematic diagram of the equivalent cir- 
cuit of the circuit of FIG. 8 during adaptation. 

FIG. 10 is an abstract schematic diagram of the em- 
bodiments of FIGS. 2a, 26, 3a, and 36. 

FIG. 11 is an abstract schematic of a circuit like that 
of FIG. 10 which allows full differential operation. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring first to FIG. la, a typical CMOS transcon- 
ductance amplifier as known in the prior art is shown. 
FIG. 16 is a transfer curve for the amplifier circuit of 
FIG. la. FIG. 16 illustrates a typical input-offset volt- 
age condition which is characteristic of the amplifier 
FIG. la. Note that when Vj=V 2 , the output of the 
amplifier is at a voltage of 5 volts, equal to the voltage 
on one of the power supply rails. As shown in FIG. 16, 
the active region of the amplifier lies in the region 
where the input voltage Vj — V2is the range from about 
— 50 millivolts to zero. Those of ordinary skill in the art 
will readily recognize that, depending on the particular 
offset voltages of the individual transistors, the transfer 
curve of FIG. 16 for any given amplifier could be 
shifted to either the right or the left on the X axis of 
FIG. 16. 

Those of ordinary skill in the art will also recognize 
that the circuit of FIG. 1 suffers from another draw- 
back. That is,, when the voltage V 0 ut is less than the 
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voltage V, the transistor Q2 will stop conducting and 
the output voltage will no longer be a function of the 
differential input voltage. 

The circuit of FIG. lc, also known in the prior art, is 
meant to overcome the second difficulty mentioned 5 
with respect to the circuit of FIG. lc. In the circuit of 
FIG. lc, the current mirror comprising Q3 and Q4 and 
the current mirror comprising Q5 and Q6 isolate the 
output stages from the input stages, thus allowing the 
output voltage to be free of the dependence on the input 10 
voltage exhibited by the circuit of FIG. la. 

The circuit of . FIG. lc also suffers from the input 
offset voltage problem noted with respect to the circuit 
of FIG. lfl. This may be seen by examination of FIG. 
ld y a typical transfer curve of the circuit shown in FIG. 15 
lc. It will be observed that the linear portion of the 
transfer curve (W vs Vt n ) is not symmetrical about the 
Vj = V2 position on the curve. For any individual ampli- 
fier circuit, the transfer curve of FIG. Id may be lo- 
cated at different positions along the X axis due to the 20 
random offset voltage inherent in each circuit as a result 
of its manufacture. Because of the input offset voltage, 
the amplifier has an output current when the input volt- 
age difference is zero. Since these amplifiers are often 
used as differential amplifiers, where they are con- 25 
nected so as to utilize the output current as a measure of 
the input voltage difference, it is clear that the offset 
voltage prevents the amplifier from 'operating as in- 
tended. 

Those of ordinary skill in the art will note that a third 30 
drawback, common to the circuits of FIGS, la and 
FIG. lc, is that the range of input voltages for which the 
output transfer function is approximately linear is very 
small. When used as a current output device, as shown 
in FIG. ld f the range of output voltage for which the 35 
transfer function is approximately linear is restricted to 
a range of differential input voltage less than 200 milli- 
volts. When used as a voltage output device, the range 
of operation is even smaller (FIG. 16). This factor, 
coupled with the random input offset voltage exhibited 40 
by the circuits of FIG. la and lc severely restricts the 
applications to which such circuits may be put. 

The present invention provides a solution to the input 
offset voltage problem and the limited input voltage 
range inherent in prior art transconductan'ce amplifier 45 
circuits like those of FIGS, la and lc. 

Referring now to FIG. 2a. an amplifier 10 according 
to the present invention may be achieved by modifica- 
tion of the amplifier circuit of FIG. la, A first N-chan- 
nel MOS input transistor 12 has its gate connected to a 50 
non-inverting input node 14, its source connected to the 
drain of an N-channel MOS bias transistor 16, and its- 
drain connected to the drain and gate of a first P-chan- 
nel current mirror transistor 18. The source of N-chan- 
nel MOS bias transistor 16 is connected to a source of 55 
fixed negative voltage Vu, shown as ground at refer- 
ence numeral 20 in FIG. 2a, and its gate is connected to 
a source of bias voltage Vt< The drain and gate of first 
P-channel current mirror transistor 18 is also connected 
to the gate of second P-channel current mirror transis- 60 
tor 22. The sources of first and second P-channel cur- 
rent mirror transistors 18 and 22 are connected to a 
source of fixed positive voltage 24, shown as Vdd in 
FIG. 2a. 

A second N-channel MOS input transistor 26 has its 65 
gate connected to a floating node 28. A first capacitor 
30 has as its first electrode floating node 28 and as its 
second electrode an inverting input node 32. The source 
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of second N-channel MOS input transistor 26 is con- 
nected to the drain of N-channel MOS bias transistor 
16, and the drain of second N-channel MOS input tran- 
sistor 26 is connected to an output node 34 and to the 
drain of second P-channel current mirror transistor 22. 
A second capacitor 36 has as its first electrode floating 
node 28 and as its second electrode output node 34. 

Floating node 28 is preferably formed from a first 
polysilicon layer in a double polysilicon layer process 
and may be referred to as a floating gate. The electrodes 
of capacitors 30 and 36 are formed from floating gate 28 
and from a second layer of polysilicon. 

An ultraviolet "UV" window 38 formed in an other- 
wise opaque second metal layer lies above the capacitor 
electrode of capacitor 36 formed by floating node 28. 
This UV window will be further described with respect 
to FIGS. 4<z-4/ 

The circuit of FIG. 2a is identical to the circuit 
shown in FIG. la, except that transistor 26 has a float- 
ing gate, and is coupled to the inverting input node 32 
only by capacitor 30, and to the output node 30 by 
capacitor 36. 

For ease of analysis, it is first assumed that there are 
no offset voltages in the circuit, and that when Vi and 
are fixed at a voltage Vq, V out is also Vo. In the 
analysis, all voltages will be referenced to Vo. As the 
positive input voltage V\ is increased from Vq, the out- 
put voltage will increase due to the gain A of the ampli- 
fier according to equation [1] where /is the voltage on 
the floating gate 28: 

y^u-AW-v/i []] 

This increase in output voltage will induce a charge 
on capacitor 36 (referred to in equations herein as 
"C36"), thus increasing the voltage V/on the floating 
gate. The charge relationships in the circuit are: 

Eliminating V/from equations [1] and [2], yields: 

(31 . 

When A is very large compared to 
C30 * 

the overall gain of the amplifier with this arrangement 
becomes independent of A, as is well known from the 
feedback amplifier art. Under these conditions, the am- 
plifier becomes very linear, and its gain is set by the 
values of the two capacitors 36 and 30, which employ 
the silicon oxide dielectric between two layers of 
polysilicon. Because this oxide is thermally grown at a 
high temperature in a typical CMOS process, its proper- 
ties are among the best controlled parameters in the 
entire process. The areas of the capacitors can be con- 
trolled by the area of one of the layers, and thus can be 
made independent of the alignment between layers. The 
floating-gate feedback-controlled amplifier is thus an 
ideal match to the capabilities of the CMOS technol- 
ogy. 
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Referring now to FIG. 2b. another amplifier 40 ac- The sources of first N-channel input transistor 82a 
cording to the present invention may be achieved by and second N-channel input transistor 86a are corn- 
further modification of the amplifier circuit of FIG. la monly connected to the drain of an N-channel transistor 
by reversing all of the transistor conductivity types and 94a having its gate connected to a source of bias voltage 
voltages. Thus, a first P-channel MOS input transistor 5 V 4 , shown at reference numeral 96a, and its source 
42 has its gate connected to a non-inverting input node connected to a source of negative voltage 110a. The 
44, its source connected to the drain of a P-channel drain of first N-channel input transistor 82a is connected 
MOS bias transistor 46, and its drain connected to the «> a first current mirror consisting of first P-channel 
drain and gate of a first N-channel current mirror tran- current mirror transistor 98a and second P-channel 
sistor 48. The source of P-channel MOS bias transistor »° =««ent mirror transistor 100a. The gates of P-channel 
46 is connected to a source of fixed positive voltage current mirror transistors 98a and 100a are commonly 
V DDt shown as ground at reference numeral 50 in FIG. connected to the drain of first N-channel input transis- 
2b. and its gate is connected to a source of bias voltage tor 82a and to the drain of first P-channel current mirror 
V*. The drain and gate of first N-channel current mirror '""".stor 1 * e 1 so " r n ces of p - channe current ™" or 
transistor 48 is also connected to the gate of second 13 transistors 98a and 100a are commonly connected a 
N-channel current mirror transistor 52. The sources of «™ ce ° f P° s,,,ve VOltage sh0W " at refere " Ce 

first and second N-channel current mirror transistors 48 nu 51 era ! . ' , VT , ^ . , or . 

. M . j ^ c r a „«w The drain of second N-channel input transistor 86a is 

and 52 are connected to a source of fixed negative volt- ■ „™* . 1 ^r t w^A 

, . - T — connected to a second current mirror consisting of third 

age 54, shown a? V ss in Fia 2b h p . channel current mirror transistors lQ4a 

A second ^channel MOS input tran^tor 56 ha ,t resp ectively. The gates of third and fourth 

gate connected to a floatmg node 58. A first capacitor ^ mirrof tra * istors 104fl md m<2 are 

60 has as its first electrode floating node 58 and as its commonl connected t0 the drain of first N-channel 

second electrode a non-inyerting input node 62. The transistor 86a as well as to the drain of fourth 

source of second P-channel MOS input transistor 56 is 25 p ^ hannd current mirror transistor 106 a. The sources 

connected to the dram of P-channel MOS bias transistor Qf thifd and fourth p . channd current mirror transis tors 

46. and the drain of second P-channel MOS input tran- ^ and ^ m commonfy Connected to V DD . The 

sistor 56 is connected to an output node 64 and to the dfain of thifd P . channel curre nt mirror transistor 104* 

drain of second N-channel current mirror transistor 52. - s connected to the gate and drain of N-channel transis- 

A second capacitor 66 has as its first electrode floating 3Q t0f ma ^ source of N -channel transistor 108a is 

node 58 and as its second electrode.output node 64. connected to a source of negative voltage V S s, shown 

As in the embodiment of FIG. 2a, floating node 58 is ^ ground at reference numeral 110a in FIG. 3a. 

preferably formed from a first polysilicon layer in a N-channel transistor 108a and N-channel transistor 

double polysilicon layer process and may be referred to n2a f orm a third current mirror. The gate of N-channel 

as a floating gate. The electrodes of capacitors 60 and 66 35 transistor 112a is connected to the gate of N-channel ' 

are formed from floating gate 58 and from a second transistor 108a. The source of N-channel transistor 112a 

layer of polysilicon. . j s connected to the source of negative voltage Vss> 

A UV window 68 formed in an otherwise opaque shown as ground in FIG. 3a. The drain of N-channel 

second metal layer lies above the capacitor electrode of transistor 112a is connected to the drain of N-channel 

capacitor 68 formed by floating node 28. This UV win- ^ current m i rr0 r transistor 100a forming the output node 

dow will be further described with respect to FIGS. Q f amplifier 80a. 

4a-4/ The floating gate 88a of second N-channel input tran- 

Those of ordinary skill in the art will recognize that s j stor gfo f orms a capacitor electrode 116a of capacitor 

the difference between the embodiments of FIGS. 2a ug a tne other electrode being formed by or connected 

and lb is that the positions of the N-channel and P-chan- 45 t0 the diffused regions which form the drains of N- 

nel transistors, and power supply polarities have been channel transistor 112a and P-channel transistor 100a 

reversed. Otherwise, the operation of the circuit de- and the contacts and metal layers which connect them 

picted in FIG. 2b is identical to the operation of the together, at the output node 114a of the transconduct- 

circuit depicted in FIG. 2a, and the disclosure of circuit ance amplifier 80a 

operation with respect to the circuit of FIG. 2a will 50 A UV window 120a formed in an otherwise opaque 

suffice for those of ordinary skill in the art as a disclo- second metal layer lies above the capacitor electrode 

sure of the operating principals of the circuit of FIG. 2b. l\6a. This UV window will be further described with 

Referring now to FIG. 3a, a presently-preferred em- respect to FIGS. 4a-4/ 
bodiment of a CMOS transconductance amplifier ac- The circuit of the preferred embodiment of the pres- 
cording to the present invention is shown. CMOS trans- 55 *ent invention shown in FIG. 3a is identical to the circuit 
conductance amplifier 80a includes a first N-channel shown in FIG. 1c, except that transistor 86a (equivalent 
MOS input transistor 82a having its gate connec*ted to a to transistor Qj of FIG. la) has a floating gate, and is 
non-inverting input node 84a and a second N-channel coupled only by capacitor 90a to the negative input 
MOS input transistor 86a having its gate 88a connected node 92a, V2, and by capacitor 118a to the output node 
through a capacitor 90a (referred to in equations herein 60 114a, V 0 «f- For ease of analysis, it is first assumed that 
as "C90") to an inverting input node 92a. Capacitor 90a there are no offset voltages in the circuit, and that when 
is formed by the gate node 88a of second N-channel V| and Vj are fixed at a voltage Vo, V e «, is also Vo. In 
MOS input transistor 86a, which is an electrically- the analysis, all voltages will be referenced to Vo. As 
isolated, or "floating*' gate, preferably formed by a first the positive input voltage Vj is increased from Vo, the 
polysilicon layer, and a second polysilicon layer con- 65 output voltage will increase due to the gain A of the 
nected to inverting input node 92a. A silicon dioxide amplifier according to equation [4] where V/is the volt- 
insulating layer forms the preferred dielectric of capaci- age on the floating gate 86a; 
tor 90a between the first and second polysilicon layers. 
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This increase in output voltage will induce a charge 
on capacitor 118a (referred to in equations herein as 
"Cm8 m ), thus increasing the voltage V/on the floating 5 
gate. The charge relationships in the circuit are: 

Ci 1 g( Voui -Vfl = Cwf Vj- Vi> (5] 

Eliminating V/from equations [4] and [5], yields: 10 

15 

When A is very large compared to 
C90 ' 

20 

the overall gain of the amplifier with this arrangement 
becomes independent of A, as is well known from the 
feedback amplifier art. Under these conditions, the am- 
plifier becomes very linear, and its gain is set by the 
values of the two capacitors 118a and 90a, which em- 25 
ploy the silicon oxide dielectric between two layers of 
polysilicon. Because this oxide is thermally grown at a 
high temperature in a typical CMOS process, its proper- 
ties are among the best controlled parameters in the 
entire process. The areas of the capacitors can be con- 
. trolled by the area of one of the layers, and thus can be 
made independent of the alignment between layers. The 
floating-gate feedback-controlled amplifier is thus an 

- ideal match to the capabilities of the CMOS technol- ^ 
ogy. 

.Those skilled in the art will notice that FIG. 3ff is an 

- amplifier with a capacitive divider circuit on the invert- 
ing input. Amplifiers of this type, with capacitively 
coupled inputs, are used widely in applications where 
only the AC (high-frequency) components of the input 
signal are passed through the capacitive divider and 
amplified. If this capacitive divider is implemented on a 
MOS integrated circuit using a thermally-grown oxide 
layer as the dielectric of the capacitors C90 and Cns, 45 
then DC signals, as well as AC signals, will be passed 
through this divider circuit. This is because the charac- 
teristic cutoff frequency of the input divider stage (the 
frequency below which the network sharply attenuates 
the inputs) is determined by the size of the two capaci- 5Q 
tors in relation to the size of any current paths (resis- 
tances, current sources, etc ) connected to the center 

node of the divider circuit. Since the center node of this 
circuit is imbedded in thermally-grown oxide, which 
permits no charge whatsoever to leave this node, there 35 
are no current paths connected to this node. This means 
that the cutoff frequency is zero, and the formula com- 
monly used to describe the capacitive voltage divider 
for AC signals: 



Vout = y in C) + C2 

holds for DC voltages as well. In short, this AC-cou- 
pled amplifier, when implemented as a MOS integrated 65 
circuit, will work as a DC amplifier as well. 

This arrangement has not been widely used because 
the floating gate potential is not well controlled. Using 
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the techniques of the present invention, the floating gate 
potential can be precisely set. 

Referring now to FIG. 36, an alternative embodiment 
of a CMOS transconductance amplifier according to 
the present invention is shown. CMOS transconduct- 
ance amplifier 806 includes a first P-channel MOS input 
transistor 826 having its gate connected to a non-invert- 
ing input node 846 and a second P-channel channel 
MOS input transistor 866 having its gate 886 connected 
through a capacitor 906 (referred to in equations herein 
as "C906") to an inverting input node 926. Capacitor 906 
is formed by the gate node 886 of second P-channel 
MOS input transistor 866, which is an electrically- 
isolated, or "floating" gate, preferably formed by a first 
polysilicon layer, and a second polysilicon layer con- 
nected to inverting input node 926. A silicon dioxide 
insulating layer forms the preferred dielectric of capaci- 
tor 906 between the first and second polysilicon layers. 

The sources of first P-channel input transistor 826 
and second P-channel input transistor 866 are com- 
monly connected to the drain of a P-channel transistor 
946 having its gate connected to a bias input node 966. 
The drain of first P-channel input transistor 826 is con- 
nected to a first current mirror consisting of first N- 
channel current mirror transistor 986 and second N- 
channel current mirror transistor 1006. The gates of 
N-channel current mirror transistors 986 and 1006 are 
commonly connected to the drain of first P-channel 
input transistor 826 and to the drain of first N-channcl 
current mirror transistor 986. The sources of N-channel 
current mirror transistors 986 and 1006 are commonly 
connected a source of negative voltage V$s* shown at 
reference numeral 1026. 

The drain of second P-channel input transistor 866 is 
connected to a second current mirror consisting of third 
and fourth N-channel .current mirror transistors 1046 
and 1066, respectively. The gates of third and fourth 
N-channel current mirror transistors 1046 and 1066 are 
commonly connected to the drain of first P-channel 
input transistor 866 as well as to the drain of fourth 
N-channel current mirror transistor 1066. The sources 
of third and fourth N-channel current mirror transistors 
1046 ancl 1066 are commonly connected to V55. The 
drain of third N-channel current mirror transistor 1046 
is connected to the gate and drain of P-channel transis- 
tor 1086. The source of P-channel transistor 1086 and 
the source of P-channel transistor 946 are commonly 
connected to a source of positive voltage Vdd> shown 
as ground at reference numeral 110 in FIG. 36. 

P-channel transistor 1086 and P-channel transistor 
1126 form a third current mirror. The gate of P-channel 
transistor 1126 is connected to the gate of P-channel 
transistor 1086. The source of P-channel transistor 1126 
is connected to the source of positive voltage Vdd* 
shown as ground in FIG. 36. The drain of P-channel 
transistor 1126 is connected to the drain of P-channel 
current mirror transistor 1006 forming the output node 
1146 of amplifier 806. 

The floating gate 886 of second P-channel input tran- 
sistor 866 forms. a capacitor electrode 1166 of capacitor 
1186, the other electrode being formed by or connected 
to the diffused regions which form the drains of P-chan- 
nel transistor 1146 and N-channel transistor 1006 and 
the contacts and metal layers which connect them to- 
gether, at the output node 1146 of the transconductance 
amplifier 806. An ultraviolet *'UV" window 1206 
formed in an otherwise opaque second metal layer lies 
above the by capacitor electrode 1166. This UV win- 
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dow will be further described with respect to FIGS. 
4*7-4/ 

Those of ordinary skill in the art will recognize that 
the difference between the embodiments of FIGS. 3a 
and 36 is that the positions of the N-channel and P-chan- 5 
nel transistors, and power supply polarities have been 
reversed. Otherwise, the operation of the circuit de- 
picted in FIG. 36 is identical to the operation of the 
circuit depicted in FIG. 3a, and the disclosure of circuit 
operation with respect to the circuit of FIG. 3a will 10 
suffice for those of ordinary skill in the art as a disclo- 
sure of the operating principals of the circuit of FIG. 3b. 

Referring now to FIG. 4a, a cross sectional view of 
the preferred semiconductor structure of the portion of 
FIG. 3a in the region of the floating gate is shown. This 15 
circuit may be fabricated utilizing conventional CMOS 
fabrication techniques, well understood by those of 
ordinary skill in the art. The entire circuit is fabricated 
on silicon substrate 130a, in which n-type regions are 
diffused to form the sources and drains of the N-Chan- 20 
nel devices and n-wells are formed into which p-type 
diffusion regions are formed to form the sources and 
drains of the P-channel devices. As understood by those 
of ordinary skill in the art, p-well techniques may be 
used instead of n-well techniques. 25 

The surface of the silicon substrate 130a is covered 
with a layer of oxide 132a in a conventional manner. A 
first layer of polysilicon is deposited on top of the sili- 
con dioxide layer 132a and then defined using conven- 
tional deposition, masking, and etching techniques to 30 
form floating gate 134a Once floating gate 134a has 
been formed, a second layer of oxide 136a is grown over 
floating gate 134a. A second layer of polysilicon is then 
deposited on top of oxide layer 136a and formed into 
regions 138a and 140a using conventional deposition, 35 
masking, and etching techniques. 

Region 138a forms one of the electrodes of capacitor 
90a of FIG. 3a and region 140a is connected to output 
node 112a (FIG. 3c) via a metal contact. After second 
level polysilicon regions 138a and 140a have been de- 40 
fined, another insulating layer 142a is deposited over 
the second polysilicon layer. A first metal layer (not 
shown), for use as interconnections as is well under- 
stood by those of ordinary skill in the art, is next depos- 
ited and defined. After deposition of another insulating 45 
layer above the first metal layer, a second metal layer 
144a is deposited and UV windows 146a are etched into 
the second metal layer 144a. The UV windows are 
centered directly above the edge of the upper second 
polysilicon region 140a, which is connected to the out- 50 
put node 114a Second level metal layer 144a should be 
connected to a fixed potential, preferably ground or 
V/j£>. The first and second metal layers may be formed 
from any metal suitable for semiconductor fabrication. 

It is important that the UV coupling exist only to the 55 
node which is fed back from the output, and not to 
other extraneous voltages which would cause error. 
Therefore, it is important to avoid coupling the floating 
node to unwanted voltage. It is also important that the 
opaque layer cover all active circuit areas which would 60 
otherwise be affected by the presence of UV light. . 

FIG. 46 is a top view of the structure shown in FIG. 
4a. In FIG. 4a the spatial relationship between floating 
gate 134a and second level polysilicon regions 138a and 
140a and ultraviolet window 146a can be more easily 65 
seen. 

Those of ordinary skill in the art will readily recog- 
nize that additional geometry within the circuit layout 



may be used to form and/or enhance these capaci- 
tances. The placement of these capacitors is thus a de- 
sign choice within the skill of one of ordinary skill in the 
art. 

In certain applications where maximum precision is 
required, an annular adaptation structure is desireable. 
Such a structure minimizes the leakage of UV light to 
other edges where unwanted adaptation can otherwise 
take place, and maximizes the edge perimeter for de- 
sired adaptation. FIGS. 4c-4/ depict alternate annular 
embodiments of the geometry which may be employed 
in the practice of the present invention. 

Referring first to FIG. 4c, a cross-sectional view of an 
alternate geometry for an embodiment of the present 
invention, in the region of the floating gate is shown. 
Like the circuit depicted in FIG. 4a, this circuit may 
also be fabricated utilizing conventional CMOS fabrica- 
tion techniques, well understood by those of ordinary 
skill in the art. The entire circuit is fabricated on silicon 
substrate 1306, in which n-type regions are diffused to 
form the sources and drains of the N-Channe! devices 
and n-wells are formed into which p-type diffusion 
regions are formed to form the sources and drains of the 
P-channel devices. 

The surface of the silicon substrate 1306 is covered 
with a layer of oxide 1326 in a conventional manner. A 
first layer of polysilicon is deposited on top of the sili- 
con dioxide layer 1326 and then defined using conven- 
tional deposition, masking, and etching techniques to 
form floating gate 1346. Once floating gate 1346 has 
been formed, a second layer of oxide 1366 is grown over 
floating gate 1346. A second layer of polysilicon is then 
deposited on top of oxide layer 1366 and formed into 
region 1386 and annular region 1406 using conventional 
deposition, masking, and etching techniques. 

Region 1386 forms one of the electrodes of capacitor 
90a of FIG. 3a and annular region 1406 is connected to 
output node 114a (FIG. 3a) via a metal contact. After 
second level polysilicon regions 1386 and 1406 have 
.been defined, another insulating layer 1426 is deposited 
over the second polysilicon layer. A first metal layer 
(not shown), for use as interconnections as is well un- 
derstood by those of ordinary skill in the art, is next 
deposited and defined. 

After deposition of another insulating layer above the 
first metal layer, a second metal layer 1446 is deposited 
and UV windows 1466 are etched into the second metal 
layer 1446. The UV windows are centered directly 
above the inner edge of the annul us of upper second 
polysilicon region 1406, which is connected to the out- 
put node 114a of the amplifier in FIG. 3a. If second 
polysilicon annular region 1406 is thought of as a 
doughnut or square or rectangle containing an aperture, 
it can be seen that the UV window 1466 is centered 
above the hole in the doughnut or rectangle. Second 
level metal layer 14646 should be connected to a fixed 
potential, preferably ground or Vdd- 

FIG. 4o* is a top view of the structure shown in FIG. 
4c. In FIG. 4c the aforementioned spatial relationship 
between floating gate 1346 and second level polysilicon 
region 1386 and annular second level polysilicon region 
1406 and ultraviolet window 1466 can be more easily 
seen. In this embodiment, the annular structure assures 
that the UV coupling exists only to the node which is 
fed back from the output, and not to other extraneous 
voltages which would cause error. In this embodiment 
it is also important that the opaque layer (here, metal 
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layer 1446) cover all active circuit areas which would 
otherwise be affected by the presence of UV light. 

Referring now to FIG. 4c, a cross-sectional view of 
an alternate geometry for an embodiment of the present 
invention, in the region of the floating gate is shown. 5 
Like the circuits depicted in FIGS. 4a-4o\ this circuit 
may also be fabricated utilizing conventional CMOS 
fabrication techniques, well understood by those of 
ordinary skill in the art. The entire circuit is fabricated 
on silicon substrate 130c, in which n-type regions arc 10 
diffused to form the sources and drains of the N-Chan- 
nel devices and n-wells are formed into which p-type 
diffusion regions are formed to form the sources and 
drains of the P-channel devices. 

The surface of the silicon substrate 130c is covered 15 
with a layer of oxide 132c in a conventional manner. A 
first layer of polysilicon is deposited on top of the sili- 
con dioxide layer 132c and then defined using conven- 
tional deposition, masking, and etching techniques. 
However, unlike the embodiment of FIGS. 4a-4o\ in 20 
which the first polysilicon layer is formed into a floating 
gate, in the embodiment of FIGS. 4e-4/ the first 
polysilicon layer is formed into regions 138c and 140c. 
Region 138c forms one of the electrodes of capacitor 
90a of FIG. 3a and region 140c is connected to output 25 
node 114<7 (FIG. 3a) via a metal contact. 

Once regions 138c and 140c have been formed, a 
second layer of oxide 136c is grown over them as shown 
in FIG. 4c. A second layer of polysilicon is then depos- 
ited on top of oxide layer 136c and formed into floating 30 
gate 134c using conventional deposition, masking, and 
etching techniques. Floating gate 134c has an aperture 
135c located in it at a position such that the aperture lies 
over first polysilicon region 140c. A first metal layer 
(not shown), for use as interconnections as is well un- 35 
derstood by those of ordinary skill in the art, is next 
deposited and defined. 

After deposition of another insulating layer above the 
first metal layer, a second metal layer 146c is deposited 
and UV windows 146c are etched into the second metal 40 
layer 144c. The UV windows are centered directly 
above the aperture 135c in floating gate 134c, which is 
connected to the output node 114a of the amplifier in 
FIG. 3a. Second level metal layer 144c should be con- 
nected to a fixed potential, preferably ground or Vdd- 45 

FIG. 4/ is a top view of the structure shown in FIG. 
4c. In FIG. 4/ the aforementioned spatial relationship 
between floating gate 134c, its aperture 135c t first level 
polysilicon regions 138c and 140c and ultraviolet win- 
dow 146c can be more easily seen. In this embodiment, 50 
as in the embodiment of FIGS. 4c-4a", the annular struc- 
ture (here the aperture in the floating gate positioned 
above region 140c) assures that the UV coupling exists 
only to the node which is fed back from the output, and 
not to other extraneous voltages which would cause 55 
error. 

A key feature of the present invention is that the 
effect of offset voltages can be nulled out using the 
circuit structure shown m FIG. 3a. In order to null the 
offset voltage of the amplifier of FIG. 3a, the circuit is 60 
biased to the current where it will be operated, and the 
two inputs, nodes 84a and 92a f are connected together 
to a source of voltage in the range where the circuit will 
be operated. 

A means must be provided for forming this connec- 65 
tion, and can be, for example, an analog pass gate, well 
known in the art Referring again to FIG. 3a, pass gate 
122a is shown connected between non-inverting input 
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node 84a and inverting input node 92a. pass gate 122a is 
a conventional pass gate consisting of a P-channel MOS 
transistor and an N-channel MOS transistor connected 
in parallel. An line signal is connected directly to the 
gate of the N-channel MOS transistor and is connected 
through an inverter to the gate of the P-channel MOS 
transistor. A suitable enable signal is provided to pass 
gate 122a when it is desired to connect non-inverting 
input node 84a to inverting input node 92a in accor- 
dance with the procedure described herein. Pass gate 
122a, shown in FIG. 36, operates in exactly the same 
manner as pass gate 122a. These same pass gates may be 
used in the same manner with the amplifiers of the pres- 
ent invention depicted in FIGS. 2a and 2b. 

Alternatively, it may be desireable to compensate for 
offsets in circuitry providing input to the differential 
amplifier. These prior circuit stages can be arranged to 
be in a state that should provide zero differential output 
if the circuits were perfect. The amplifier is then 
adapted with UV light, and the output is thereafter a 
function of the deviation of the input from these pre- 
defined conditions. 

Once nodes 84a and 92a have been connected to- 
gether, or the prior circuitry set in a state of balance, the 
chip is then exposed to a source of UV photons of en- 
ergy greater than 3.2 electron-volts. This energy is 
sufficient to excite electrons from the capacitor elec- 
trodes into the conduction band of the silicon dioxide 
insulator. This mechanism of electron excitation is well 
known, and is used to erase the charge on the floating 
gates of logic transistors in programmable read-only 
memories. 

In the circuit of FIG. 3a, the UV excited electrons 
flow from the most negative electrode of C\w a to the 
most positive electrode. By the negative feedback ac- 
tion of the amplifier, the output is driven to a voltage 
which is very close to the value of V: and Vj. Once the 
offset voltage has been thus nulled, the two inputs can 
be disconnected from the voltage source in order that 
the amplifier can be used in a true differential mode; it 
will have its offset greatly reduced. This technique thus 
allows the construction of practical analog circuits op- 
erating at micropower levels on low power-supply 
voltages. 

The amplifier in the circuit of the present invention 
need not be a differential amplifier. In an alternate em- 
bodiment, shown in FIG. 5a, an amplifier is formed by 
two transistors connected as an ordinary CMOS in- 
verter. The common gate of the upper and lower tran- 
sistors is a floating gate, and is capacitively coupled to 
the input through a first capacitor and to the output 
through a second capacitor. 

In order to null the offset of this amplifier, the input 
is set to some reference potential V re f. When UV illumi- 
nation is applied, the output is coupled to the input, and 
output voltage tends to stabilize at the crossover point, 
i.e., the point at which the output voltage equals the 
input voltage. This balanced voltage V inVt the voltage at 
which this occurs, will be approximately midway be- 
tween the positive and negative power supply rails, in 
the region of high gain for the amplifier. Once the am- 
plifier is thus adapted, the output voltage will be defined 
as: 

V 0 ut=V inv +A{V in -Vrej) [5] 
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After adaptation, the output of the circuit will be FIG Id. This expansion has the effect of providing a 

Vinv (the inverter crossover voltage) when the input wider linear input range which can be used to minimize 

voltage is V re /. or eliminate the effects of the saturation of the output 

Referring now to FIG. Sa t an N-channel transistor current. The reason why this has not been done previ- 

160 has its source connected to a source of negative 5 ously is that the voltage on the floating node has not 

potential V 55 (shown at reference numeral 162 as been well controlled and the input offset voltage would 

ground in FIG. Sa) and its drain connected to the drain be larger than the achievable range of input voltage 

of a first P-channel transistor 164. The source of P- variation; thus the output current would be saturated, 

channel transistor 164 is connected to a source of posi- Using the teachings of the present invention, this diffi- 
tive voltage Vp Dt shown at reference numeral 166. 10 culty is overcome by open circuiting the output of the 

Floating gate 168 is common to both N-channel transis- amplifier and adapting the voltage on the floating node 

tor 160 and P-channel transistor 164. Floating gate 168 as previously described. Once the voltage on this node 

is coupled to an input node 170 by a first capacitor, one i s adapted, the output can be reconnected and the ampli- 

electrode of which is floating gate 168 and the other fi e r used as a highly linear voltage-to-current converter 

electrode of which is shown at reference numeral 172. 15 with low offset. These principles just described can be 

A region 174 of floating gate 168 forms one electrode of use d in a current-sense amplifier. The purpose of cur- 

a second capacitor. The other electrode of the second rent sense amplifier circuits is to generate an output 

capacitor is formed by the output node 176 of the cir- voltage V ow , proportional to the input current I,„. In the 

cult. An ultraviolet window 178 is located above this pr jor art, this function would be accomplished using the 

second capacitor. 20 circuit of FIG. 60. Assuming a perfect amplifier with 

The circuit of FIG. 5a may be further understood voltage gain A>>1, the output of the circuit is 
with reference to FIG. 5b> a top view of a typical physi- 
cal layout of the circuit of FIG. 5a. P-channel transistor v out = v n/ + R.j in [6) 
164 is formed in n-well 180. The top leg of floating gate 

168 forms the gate for the P-channel transistor 164, 25 For small values of I,„, this circuit has many draw- 

which is overlain by capacitor electrode 172, which is backs for production implementation in a standard 

connected to input node. 170. A metal contact 182 con- CMOS process. Resistive material for making precision 

nects the drain diffusion of P-channel transistor 164 to a resistors is not available in most processes. Even if a 

portion 184 of the metal layer which is in turn con- resistive layer were available, the feedback resistor R 

nected, via a contact 186, to the drain diffusion of N- 30 would be of a fixed value, and could not be adjusted 

channel transistor 160. The lower leg of floating gate during operation to match the range of currents to be 

168 forms the gate for N-channel transistor 160. sensed, which can vary oyer many orders of magnitude. 

The first capacitor is formed by the entirety of float- In order to achieve a feedback element capable of 

ing gate 168 and the entirety of capacitor electrode 172. having its value adjustable over many orders of magni- 

The second capacitor consists of several .parasitic ele- 35 tude, a follower-connected transconductance amplifier 

ments, including the inherent capacitance between known in the prior art, as shown in FIG. 6b may be 

metal layer 184, the floating gate 168 and the inherent used. The amplifier labeled G has a current output de- 

^ capacitance between the drain diffusions of N-channel pendent upon voltage difference between output and 

transistor 160 and P-channel transistor 164 and the float- input node according to the relationship shown in FIG. 

ing gate 168. UV window 178 is preferably placed over 40 Id. The current scale can be adjusted over orders of 

the portion of the second capacitor where the drain magnitude by setting the bias control Vb of the G am- 

diffusion of N-channel transistor 160 meets the floating plifier. The problem with this circuit is that the output 

gate. voltage range is limited to plus or minus ~ 100 Mv for 

The circuits of FIGS, la and 1c, are also often used as the linear range of operation. If a current is sensed 

transconductance amplifiers, in which the output cur- 45 which is greater than the bias current in the G amplifier, 

rent is employed rather - than the open-circuit output the current output of the G amplifier will saturate and 

voltage. The measured current-transfer characteristic of V out will slam against one of the power-supply rails, 

the hyperbolic tangent, and the useful range of input V ou t is thus not a well-behaved function of I,*«. 

voltage difference over which the output current is In order to overcome the current-saturation behavior 

affected by the input, is only about plus and minus 100 50 of the G amplifier, a capacitive voltage divider may be 

mV. More important, the input offset voltage is an ap- used, as shown in FIG. 6c, to reduce the input voltage 

preciable fraction of the entire effective input voltage range of amplifier 190 according to the present inven- 

range. For this reason, the applications in which the tion. This arrangement has the effect of spreading the 

amplifier can be used are extremely limited. Although voltage range of the tanh characteristic of FIG. Id by 

the data shown in FIG. Id are from the circuit of FIG. 55 the factor (Cj + C2)/Ci. The problem with this circuit 

la, curves from the circuit of FIG. lc are similar, except is, of course, that the input offset voltage of the G am- 

the output voltage range is wider. For that reason, the plifier may saturate the amplifier at maximum output 

circuit of FIG. lc is to be preferred where space per- current, independent of V out . 

mits. Both of these circuits are well known in the prior In order to compensate the effects of offset voltage, 

art. 60 the same technique which is used in the circuits shown 

In circumstances where the output voltage will re- in FIGS. 2a, 2b, 3a, and 3b may be used. The input node 

main fixed, the feedback capacitance from the output to V/(reference numeral 192) to the G amplifier is a float- 

the inverting input node can be supplemented by a ca- ing node, and can be adapted with UV light to compen- 

pacitance to either the non-inverting input or to a low sate out the offset voltage of the G amplifier. A UV 

impedance source of a fixed potential. This capacitance, 65 window structure similar to that shown in FIG. 3a or 

with the input capacitance, forms a capacitance voltage FIGS. 4<7-4/over the C2 capacitor must be provided, 

divider, thereby reducing the input voltage difference By setting the input current to zero and exposing the 

and thus expanding the horizontal scale of the curve of circuit to UV light, the output voltage can be driven to 
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Vfl/ (within one offset voltage of the A amplifier). The 
same technique with more complex switching schemes 
can also be a amplifier as well. 

In order to further reduce the effects of input offset 
voltage, the circuit of FIG. 6d may be used. In FIG. 6, 5 
the adaptable amplifier 200 has a capacitor 202 with 
overlying UV window 204 in an otherwise opaque layer 
connected between its inverting input 206 and its output 
208. Capacitor 210 makes inverting input 206 a floating 
node. Capacitor 212 between the inverting input 206 10 
and non-inverting input 214, and capacitor 216, between 
the inverting input and ground, form an input voltage 
divider to set the input range. The output 208 of ampli- 
fier 200 is connected to the non-inverting input 218 of 
amplifier 220. The inverting input 222 of amplifier 22 is 15 
connected to a source of reference voltage Vrtfm- Those 
of ordinary skill in the art will notice that, as in the 
circuit of FIG. 3ff, a conventional passgate, comprising 
P-channel transistor 224 and N-channel transistor 226, is 
connected between the inverting input 206 and non- 20 
inverting input 214 of amplifier 200. 

In the circuit of FIG. 6d, the gain of amplifier 200 
further reduces the input offset. In the circuit of FIG. 
6d, the voltage (V re f m ) at the inverting input 222 to 
amplifier 220 is chosen to be the voltage at which it is 25 
desired that the non-inverting input of that amplifier 200 
should be set. The V^i input sets the current drive 
capability for driving the output node' 228? The Vbiasl 
voltage sets the slope of the current output of the ampli- 
fier, as is shown in graph of FIG. \b, by setting the 30 
vertical axis scale. The voltage V re/out sets the quiescent 
point for V ouf . 

The ratio of capacitors 202, 212 and 216 to capacitor 
210 sets the gain of the amplifier and, by setting the 
ratio, the linear range of operation may be altered. For 35 
example, if a 100 mv input voltage range will saturate 
the output at both power supply rails, a ratio of 50: 1 will 
expand the input range to 5 volts. 

Referring now to FIG. 7, a generally useful circuit 
known as a "winner-take-all" circuit is shown. The 40 
operation of this circuit is completely disclosed in co- 
pending application Ser. No. 277,795, filed Nov. 30, 
1988, which is expressly incorporated herein by refer- 
ence. 

In FIG. 7, winner-take-all circuit 250 includes a plu- 45 
rality of sections, two of which are shown. In the first 
section, a current mirror consists of P-channel current 
mirror MOS transistor 252 and P-channel MOS current 
mirror transistor 254. The drain of P-channel current 
mirror transistor 254 is connected to the drain of N- 50 
channel MOS transistor 256. The source of N-channel 
MOS transistor 256 is connected to a source of negative • 
voltage, shown at reference numeral 258 in FIG. 7 as 
V55 or ground. 

Another N-channel MOS follower transistor 260 has 55 
its source connected to a common gate line 262, its drain 
connected to a source of positive voltage Vdd* shown 
at reference numeral 264, and its gate connected to the 
common connection of the drain of N-channel MOS 
transistor 256 and the drain of P-channel MOS current 60 
mirror transistor 254. The node to which the gate of 
N-channel MOS transistor 260 is connected is the out- 
put current node for the column of the array of FIG. 7 
associated with that section shown in FIG. 7 as OUTj. 

The second section of. the circuit for the second col- 65 
umn includes a current mirror comprising P-channel 
MOS current mirror transistors 266 and 268 and N- 
channel MOS transistors 270 and 272, connected in- 



758 

16 

exactly the same manner as are the transistors for the 
first section. Common gate line 262 is connected to the 
drain of N-channel MOS transistor 274, whose purpose 
is to provide a bias current out of common gate line 262. 

While the operation of the winner-take-all circuit in 
FIG. 7 is fully described in co-pending application Ser. 
No. 277,795 incorporated herein by reference, briefly, 
follower transistors 260, 272, etc., pull the common gate 
line 262 up to a voltage at which the saturation current 
through the common gate pulldown devices 256, 270, 
etc., is equal to the input current of the winning input. 
This turns off all sections in the circuit except for the 
one having the largest current flowing into it. 

The circuit of FIG. 7 is very effective in identifying 
the largest of a number of currents as long as the corre- 
sponding transistors in each section are well matched. 
However, the inevitable mismatches which occur be- 
tween nominally identical transistors as realized in sili- 
con can cause one section to win even when some other 
section has higher input current. For this reason, it is 
desirable to apply the teachings of the present invention 
to adapt the Winner-take-all circuit such that all sec- 
tions will win equally (tie) when all input currents are 
equal, and no particular section will be favored due to 
transistor mismatch. 

One section of an adaptive winner-take-all circuit is 
shown in FIG. 8. In this adaptive winner-take-all circuit 
280, P-channel transistor 282 corresponds to P-channel 
transistor 252 in FIG. 7, P-channel transistor 284 corre- 
sponds to P-channel transistor 254 in FIG. l t N-channel 
transistor 286 corresponds to N-channel transistor 256 
in FIG. 7, N-channel transistor 288 corresponds to N- 
channel transistor 260 in FIG. 7, N-channel transistor 
290 corresponds to N-channel transistor 274 in FIG. 7, 
and node 292 corresponds to node 262 in FIG. 7. 

In addition, capacitor 294 connects the gate of P- 
channel current mirror transistor 282 to the gate of 
P-channel current mirror transistor 284, UV adaptation 
capacitor 296 is used to selectively adapt floating node 
298 to the output node 300, and transistors 302, 304, 306, 
and 308 are used to reconfigure the circuit during adap- 
tation. 

The operation of the circuit of FIG. 8 can be under- 
stood as follows: when the adapt signal (line 310) is held 
low, the circuit is configured to be essentially identical 
to that of FIG. 7. Floating node 298 is coupled to the 
input node 312 capacitor 294, which is preferably ar- 
ranged to be much larger than UV adaptation capacitor 
296. Since node 314 is held at Vdd by transistor 306 
when the adapt signal is low, the voltage on floating 
node 298 will follow the voltage on input node 312 quite 
closely, with only a small voltage division due to adap- 
tation capacitor 296. Hence the operation of the circuit 
is identical to that described above. 

To adapt the circuit, the circuits generating input 
currents to all stages of the winner-take-all circuit are 
arranged to be in an equivalent state, i.e., a state that 
should be considered to be a tie by the winner-take-all 
circuit. The adapt signal is raised to Vdd* and UV light 
is applied through a UV window to the adaptation 
capacitor 296. With adapt signal 310 high, the winner- 
take-all common gate line 292 is held at a preset voltage 
noted symbolically by battery 316, by the action of 
transistor 308. Transistor 290 and follower transistor 
288 are disconnected from the winner- take-all common 
gate line 292 by the action of transistor 318 and 302, 
respectively. Node 314 is connected to Output node 300 
by the action of transistor 304. 
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Hence, during adaptation, the circuit of FIG. 9 is the 

equivalent circuit of the circuit shown in FIG. 8. Those [8] 

of ordinary skill in the art will appreciate the circuit of rout ( Cat + — 1= Ki - k 2 [ C34 ° ^ 

FIG. 9 to be an inverting amplifier with capacitor 294 in \ C340 + Cm ■ A J~ " V, Q40 + C m ) 

series with its inverting input, and UV adaptation ca- 5 

pacitor 296 connected from its output to its floating For A much larger than 
node, in accord with the teachings of the present inven- 
tion. It follows that, when UV light is applied to the 

adaptation capacitors of all stages in the winner-take-all f c mo + Q36 j 

circuit, all outputs will be adapted to very nearly the 10 \ c w> /' 
same voltage. After the adaptation is complete, the UV 

light is removed, and the adapt control signal 310 is equation [8]can be rewritten: 
brought low. Thereafter the circuit will function as the 

circuit of FIG. 8, in which the effects of all offsets, [9] 

including those of the circuits generating the input cur- y ( + JL \y { _ y 2 ) + J_ (p, + y$ 

rents, are compensated. °" \ C336 2 * 2 

It will be appreciated by those of ordinary skill in the 

art that the adaptation of the winner-take-all circuit is a It is thus clear that the common mode gain of the 

special case of a generally useful method, which can be 2Q circuit is unity, which is very poor for a differential 

appreciated with reference to FIG. 9. During adapta- amplifier, as will be readily understood by those of 

tion, the gate of transistor 286 is connected to a source ordinary skill in the art. The circuit of FIG. 10 can be 

of bias voltage, and the function of transistor 286 is to improved to allow full differential operation as shown 

supply the output current desired from the current mir- m FIG. 11. 

ror when the particular "calibration" input current is 23 Referrm S now t0 FIG * u > amplifying element 330 
present. If the current mirror transistors are operated in includes inverting input node 332 and non-inverting 
their sub-threshold range, where their drain currents in P ut node 334 « and » llkc the amplifying element of FIG. 
are an exponential function of their gate voltages, the 10 > has a S ain lar S er than 1 ™<* ma y b f represented as 
effect of adaptation is to fix the ratio of output current ^f/™ 1 "" triangular shape known to those of ordinary 
to input current at a particular desired value.. After 30 sklU ln lhe art Ca P ac,t ° r 336 i has -one of its electrodes 
adaptation, the source of desired current can be re- connected to output node 338 and the other one of its 
moved and the current mirror can be used for any de- electrodes connected to inverting input node 332 Ca- 
sired purpose, of which the winner-take-all function is P aci f or 340 has ° ne ° f , Its rodes connected to in- 
one particularly useful example. For the winner-take-all vc « m & in P ut n ° de 332 and the r other ™ c of f r eI f c ' 
circuit, it is desireable to connect the second electrode 35 trodes c °™* cted t0 a f s t our t ce f ^ Ut Volta f e ^ 
of capacitor 296 to a source of fixed voltage after adap- P acit ° r 342 ha f or * electrodes connected o nan- 
. r . , .*? - \ inverting input node 334 and the other one of its elec- 

" "„ aC ,nnT P J f ,o« 71 cap T lV . * f trodei connected to a source of input voltage V,. Ca- 

from node 300 to node 298, winch can l.m.t the gam of ^ m ^ ^ q{ . ekeUod * connected to non- 

the stage. If the gam set by the ratio of capacitor 294 to f nyerti . ^ J34 and {he Qther one of .„ e|ec . 

capacitor 296 » sufficient, capacitor 296 can remain « trod es connected to a source of fixed voltage, shown as 

connected to node 300, and transistors 304 and 306 can ground in FIG 11 

be eliminated, * . , It is desired that the amplifying element have no 

The embodiments of FIGS. 2a y 2b t 3a, and 3b may be response if Vi and V 2 are both raised or lowered by the 

shown abstractly in FIG. 10, wherein amplifying ele- same amount (2er0 CO mmon-mode gain), which, for the 

ment 330, having a gain larger than 1, and having in- « abstraction of the amplifier Described in Equation [7], is 

verting input node 332 and noninvertinq input node 334, equivalent to 'requiring that V 0 ut be a function of 

may be represented as the familiar triangular shape V 2 -V] alone, this condition can be achieved by making 
known to those of ordinary skill in the art. Capacitor 
336 has one of its electrodes connected to output node 5Q 

338 and the other one of its electrodes connected to c ^ Cj4Q p 0 ] 

inverting input node 332. Non-inverting input node 334 "grjj- = = — 
is connected to a source of input voltage V|. Capacitor 

340 has one of its electrodes connected to inverting Under thi$ a^pt^ using Equation [7] as the ab- 

mput node 332 and the other one of its electrodes con- 55 <; trac tjon of the amplifier, the output voltage of the 

nected to a source of input voltage V 2 . A voltage V/ circuk of FIG . n can be wriU en in terms of VI and V2: 
appears at inverting input node 332. 

The circuit of FIG. 10 is adequate to compensate for 
the offset voltages of any application in which V| is 

fixed, but does not function as a true differential ampli- $q f \ + < 

fier because the two inputs are not equivalent. Assum- out \ a 
ing that the behavior of amplifier 330 can be described: 

For a A much larger than 1+a, equation [11] reduces 

Vout=A.(Vx-Vj) [7] to: 

65 

the output voltage can be expressed in terms of the input j j , 2 j 

voltages Vj and V 2 by equation 3, which can be rewrit- v ° ut = T ^ ~ v ^ 

ten: 



= V\ - Vl 
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In order for the circuit of FIG. 11 to function prop- 
erly, the voltages Vyi and V/i on floating inverting and 
non-inverting input nodes 332 and 334 must be adapted 
as taught by the present invention. In the presently 
preferred embodiment, capacitor C336 is adapted with 5 
UV light, whereby the offsets inherent in the amplifier 
are corrected exactly as taught with regard to the am- 
plifiers of FIGS, la, 2b t 3a, and 3b. 

In addition, some method of stabilizing the voltage 
V/i during adaptation is desirable. The presently pre- 10 
ferred method for adapting V/\ is to expose capacitor 
C342 to UV light, thereby making V/i equal to Vi during 
adaptation. It is also possible to adapt capacitor C344, 
the bottom electrode of which is connected-to a source 
of fixed voltage, to which Vj\ will be adapted by the 15 
action of the UV light. 

While presently-preferred embodiments of the pres- 
ent invention have been disclosed herein, those of ordi- 
nary skill in the art will be enabled, from the within 
disclosure, to configure embodiments which although 20 
not expressly disclosed herein nevertheless fall within 
the scope of the present invention. For instance, the 
transistor types and voltage polarities may all be re- 
versed without departing from the spirit of the present 
invention. It is therefore, the intent of the inventors that 25 
the scope of the present invention be limited only by the 
appended claims. 
What is claimed is: * 
1. An adaptable circuit, communicating with a plural- 
ity of current-carrying lines, for indicating the output of 30 
the one of said plurality of current-carrying lines 
through which the most current is flowing, including: 
a plurality of MOS current mirrors, each of said cur- 
rent mirrors including an input node, an output 
node, a driving MOS current mirror transistor and 35 
a driven MOS current mirror transistor, the 
sources of said driving MOS current mirror transis- 
tor and said driven MOS current mirror transistor 
connected to a source of fixed positive voltage, the 
gate and drain of each of said driving MOS current 40 
mirror transistors comprising said input node and 
connected to a different one of said current carry- 
ing lines and to one electrode of a first MOS capac- 
itor, the gate of said driven MOS current mirror 
transistor connected to a floating node, the second 45 
electrode of said first MOS capacitor comprising a 
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portion of said floating node, drain of said driven 
MOS current mirror transistor comprising said 
output node and connected to the gate of said fol- 
lower transistor, 
a second MOS capacitor associated with each of said 
plurality of current mirrors, each said second MOS 
capacitor having as a first electrode a portion of the 
floating node in the current mirror with which it is 
associated, and as a second electrode a second 
node, 

a pulldown transistor associated with each of said 
current mirrors, each of said pulldown transistors 
having its source connected to a source of fixed 
negative voltage, and its gate connected to a com- 
mon pulldown gate line, 

a pulldown gate bias transistor, having its source 
connected to said source of negative voltage, its 
gate connected to a source of bias voltage, 

a follower transistor associated with each of said 
current mirrors, having its gate connected to the 
output of the current mirror with which it is associ- 
ated, and having a source-drain path connected 
between a source of fixed voltage and said common 
pulldown gate line, 

means for selectively connecting the drain of said 
pulldown gate bias transistor to said common pull- 
down gate line, and for enabling said source-drain 
path of said follower transistor to conduct during 
an operating mode of said circuit, and for connect- 
ing said common pulldown gate line to a source of 
fixed voltage, for connecting each of said second 
nodes to the output node of said current mirror 
with which it is associated, and for disabling said 
source-drain path of said follower transistor during 
an adapting mode of said circuit, 

an opaque layer covering portions of the surface of 
said integrated circuit containing active circuits, 
said opaque layer having an aperture therein above 
said second capacitor for allowing ultraviolet light 
to fall onto said first and second electrodes of said 
second capacitor whereby the offset voltages of 
said circuit can be adapted while a source of ultra- 
violet light is present during said adapting mode of 
said circuit. 

***** 
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